United States Patent m 

Dipiazza 



[ii] 

[45] 



US006141557A 
Patent Number: 
Date of Patent: 



6,141,557 
♦Oct. 31, 2000 



[54] LMDS SYSTEM HAVING CELL-SITE 
DIVERSITY AND ADAPTABILITY 

[75] Inventor: Gerald C. Dipiazza, Boxford, Mass. 

[73] Assignee: The Whltaker Corporation, 

Wilmington, Del. 

[ * ] Notice: This patent issued on a continued pros- 
ecution application filed under 37 CFR 
1.53(d), and is subject to the twenty year 
patent term provisions of 35 U.S.C. 
154(aX2). 

[21] Appl. No.: 08/866,793 
[22] Filed: May 30, 1997 

Related U.S. Application Data 

[60] Provisional application No. 60/018,724, May 31, 1996. 

[51] Int. CI. 7 H04B 7/24 

[52] VS. CI 455/446; 455/447; 455/562 

[58] Field of Search 455/446, 447, 

455/422, 562, 522, 504, 506, 63, 67.1 

[56] References Cited 

« U.S. PATENT DOCUMENTS 

5,365,571 11/1994 Rha et al 64/997 

5,463,673 10/1995 Herscovici 455/446 

5,483,667 1/1996 Faruque 455/446 

5,507,034 4/1996 Bodin et al 114/347 

5,519,409 5/1996 Uematsu et al 343/771 

5,537,122 7/1996 Eguchi 342/359 

5,559,866 9/1996 O'Neill 455/447 

5,644,791 7/1997 Brady et al 241/982 

5,646,942 7/1997 Oliver ct al „ 370/112 

5,668,610 9/1997 Bossard et aL 455/422 

5,809,431 9/1998 Bustamante et al 455/562 

5,828,960 10/1998 Tang et al 455/446 

5,828,962 10/1998 Ho-A-Chuck 455/446 

5,926,762 7/1999 Arpee et al 455/447 

5,987,328 11/1998 Ephremides et al 455/446 

FOREIGN PATENT DOCUMENTS 



WO 97/46CW0 12/1997 WIPO H04Q 7/36 

OTHER PUBLICATIONS 

T Fujii, "Effect of reduction of Mobile Communications 
Co-channel Interference by Transmission Power Control 
considering received Signal Level Correlations", Electron- 
ics and Communications in Japan, Part 1, vol. 76, No. 9, 
1993, pp. 89-103. 

C. Rypinski, "Economic design of Interference limited 
Radiotelephone Systems", XP 002048287, 3rd IEEE 
Vehicular Technology Conference, Toronto, Canada, May 
25-27, 1983, pp. 332-340. 

Rypinski C A: "Economic design of interference limited 
radiotelephone systems" 33^ IEEE Vehicular Technology 
Conference, Toronto, ONT1, Canada, May 25-27, 1983, pp. 
332-340. 

Fujii T: "Effect of Reduction of Mobile Communications 
Co-Channel Interference by Transmission Power Control 
Considering Received Signal Level Correlations" Electron- 
ics & Communications in Japan, Part I — Communications, 
vol. 76, No. 9, Sep. 1, 1993, pp. 89-103. 

Primary Examiner — Nguyen Vb 
Assistant Examiner— Due Nguyen 



[57] 



ABSTRACT 



0201254 11/1986 
0201254 A2 11/1986 



European Pat. Off. H04B 7/24 

European PaL Off. H04B 7/24 



The present inventionjrelates to a millimeter-wave commu- 
nication system for one-way and/or two-way video, voice 
and data services that leverages cell-site diversity, 
subscriber-unit adaptability and a reflection dominated 
propagation model. To this end, a variety of omm-directional 
and directional antenna plans, cell-site structures and adap- 
tive reception/transmission plans are envisioned in the 
present invention. Cell-site diversity is employed and per- 
mits shadowed subscriber units to be serviced from the best 
choice of the surrounding cell-sites based upon millimeter- 
wave propagation efficiency and not geometric convenience. 
Cell-site diversity is used to mitigate the ill-effects of 
environmental and atmospheric factors. Finally, the present 
plan reduces the reliance on repeaters by using statistically 
optimal conditions for cell-site selection with reflection 
based models rather than line-of-sight models, as relied 
upon in the prior art. 

17 Claims, 5 Drawing Sheets 




04/23/2003, EAST Version: 1.03.0002 



U.S. Patent 



Oct. 31, 2000 Sheet 1 of 5 



6,141,557 




04/23/2003, EAST Version: 1.03.0002 



U.S. Patent Oct. 31,2000 sheet 2 of 5 6,141,557 




Mechanical or 
Electronic 

Beam Steering 
Function 




Stored Program 
Oetection 
Algorithm 










Fiq.Gpq 



04/23/2003, EAST Version: 1.03.0002 



U.S. Patent Oct 31, 2000 sheet 3 of 5 6,141,557 




04/23/2003, EAST Version: 1.03.0002 



U.S. Patent Oct. 31, 2000 Sheet 4 of 5 6,141,557 



Fig.G>b 



Subscriber 
Receiver 



Stored Program 
Detection 
Algorithm 




Directive 
Antenna 
Array 



Stored Program 
Detection 
Algorithm 




FivMRA 



F1H 



Fig. 4a 



04/23/2003, EAST Version: 1.03.0002 



U.S. Patent 



Oct. 31, 2000 Sheet 5 of 5 



6,141,557 



II 



III 




SI MA 



MB SI 




IV 



SI 
MC 




SI MD 



Fig. 4b 



04/23/2003, EAST Version: 1.03.0002 



6,141,557 



1 

LMDS SYSTEM HAVING CELL-SITE 
DIVERSITY AND ADAPTABILITY 

This application claims benefit of Provisional Applica- 
tion 60/018,724 filed May 31, 1996. 5 

FIELD OF THE INVENTION 

The present invention relates to a millimeter-wave com- 
munication system for one-way and/or two-way video, voice 
and data services that leverages cell-site diversity, 10 
subscriber-unit adaptability and a reflection dominated 
propagation model. 

BACKGROUND OF THE INVENTION 

Local multi-point distribution services (LMDS) is one 15 
way to provide high-bandwidth, interactive services as the 
preferred wireless platform for enhancing and extending the 
current global broadband communications infrastructure. 
LMDS is distinct from other conventional copper cable, 
optical fiber and low frequency wireless systems in its use of 20 
millimeter wave frequencies for wireless distribution and 
cellular-like layouts for spectrum reuse and spectral effi- 
ciency. The major advantages of millimeter wave distribu- 
tion systems are the inherent broad transmission band widths 
that are achievable and the opportunity to minimize the use 25 
and hence, the time and cost of implementing wired infra- 
structure. For example, 1 GHz of bandwidth centered at 28 
GHz, has been allocated by the Federal Communications 
Commission for a one-way television service in the New 
York City Metropolitan area. A system in keeping with the 30 
teachings of U.S. Pat. No. 4,747,160 to Bossard, has been 
deployed under this allocation. The system uses essentially 
omni- directional cell-sites arranged in a center-excited 
cellular pattern to provide one-way TV service to residential 
customers throughout the New York City Metropolitan area 35 
using carriers centered about 28 GHz. The signals transmit- 
ted by the cell-sites are received by high -gain/narrow-beam 
antenna/receiver units which are normally located just inside 
or outside of a subscriber's window. The received signals are 
then down-converted and cabled to a set-top receiver and 
encryption unit that processes and conveys the video and 40 
audio signals to conventional, analog televisions systems. 
Each cell has a channel assignment and polarization alloca- 
tion that provides for the mitigation of co-channel and 
adjacent channel interference making possible frequency 
reuse, and, therefore improved spectral efficiency within a 45 
given coverage area. The center-excited coverage plan by 
the system disclosed in the Bossard reference is based upon 
geographically geographically partitioned subscribers/ 
receivers within given cells and assumes that each receiver 
assigned to$ cell is serviced specifically by the one cell-site 50 
transmitter and omni-directional antenna, geographically 
particular to the given cell in which the subscriber is located. 

The system as disclosed in the reference to Bossard has 
shortcomings that limit the number of serviceable subscrib- 
ers and hence the potential return on infrastructure invest- 55 
ment per cell -site. To this end, the system proposed in the 
* 160 reference, assumes essentially (a) line-of-sight propa- 
gation to most of the subscribers serviced by a given 
cell-site. Large area propagation shadows imposed by build- 
ings between subscribers and their designated serving cell- 
sites are mitigated in the system disclosed in the '160 60 
reference by the use of repeaters and/or roof-mounted 
receivers that service residences, via a wired building infra- 
structure. The repeaters are strategically located to enable 
retransmission to cover the shadowed areas. Unfortunately, 
a necessary consequence of the line-of-sight presumption is 6S 
the large number of repeaters that are necessary in the 
deployment and maintenance of the system in order to 



2 

provide acceptable service given the complex and changing 
environmental conditions that are characteristic of a large 
urban area. That is, the repeaters can be used in order to 
improve the signal quality of a shadowed subscriber, how- 
ever at an increased cost. The aggressive use of repeater sites 
in a one-way broadcast approach, where most cell-sites 
transmit identical information, is not necessarily compatible 
with efficient frequency reuse when the information trans- 
mitted by cell-sites is not identical, or when two-way 
transmission systems are utilized. 

Finally, atmospheric and environmentally induced fading 
of carriers intercepted by subscriber receivers, and in the 
case two-way systems by cell-site receivers impose addi- 
tional limitations which can adversely affect transmission 
performance. In the context, fading can occur due to rain 
attenuation, beam deflections and multipath. The system of 
the '160 reference does not employ any systematic means to 
reduce the deleterious effects of fading due to such phenom- 
ena. Accordingly, a millimeter wave system is needed which 
increases the sight subscribers and provides for spectral 
reuse for both one way and two way communications using 
an affordable cell-site coverage plan. 

SUMMARY OF THE INVENTION 

The present invention relates to a millimeter wave wire- 
less communication system which can provide both one-way 
and/or two-way communication services in a variety of 
urban and suburban population centers. The present inven- 
tion envisions communications at millimeter wave carrier 
frequencies between subscribers and cell-site servers. The 
servers are connected to axentral source and/or network 
infrastructure by conventional copper, optical fiber and/or 
wireless links. 

The present invention enables variability in system com- 
plexity tailored to the maturity of the population center 
being served. To this end, a variety of omni-directional and 
directional antenna plans, frequency assignment plans, cell- 
site structures and adaptive reception/transmission plans are 
envisioned in the present invention! Cell -site diversity is 
employed and permits shadowed subscriber units to be 
service from the best choice of the surrounding cell-sites 
based upon millimeter-wave propagation efficiency and not 
geometric convenience. Cell-site diversity is used to miti- 
gate the ill-effects of environmental and atmospheric factors. 
Finally, the present plan reduces the reliance on repeaters by 
using statistically optimal conditions for cell-site selection 
with reflection based models rather than line-of-sight 
models, as relied upon in the prior art. 

It is an object of the invention of the present disclosure to 
project a coverage plan that can accommodate the require- 
ment for spectral efficiency through channel reuse within a 
given coverage area by $e use of directive antennas to 
confine the coverage arenas for selected channels; frequency 
segmentation as required at each cell-site; and polarization 
diversity, as required for selective transmission and recep- 
tion of vertically and horizontally polarized carriers. 

OBJECTS, FEATURES, AND ADVANTAGES OF 
THE INVENTION 

It is an object of the present invention to project the 
leverages of a millimeter wave, cellular-like coverage plan 
for delivering high fidelity one-way and/or two-way, analog 
or digital voice, data and voice video services in heavily 
populated urban areas. 

It is an object of the present invention to provide such 
high fidelity services to all subscribers in a given urban area 
including non line-of-sight subscribers as well as line-of- 
sight subscribers. 

It is an object of the present invention to project the use 
of a one-bounce propagation model that rationalizes the 
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opportunity to reach most of the subscribers within a given must, in effect, meet both system performance and cost 

urban area without the prolific use of repeaters. requirements. The servicing of non-line-of-sight subscribers 

It is a feature of the present invention to rationalize the use can be addressed by examining the consequences of a 

of a cell-site diversity algorithm which permits each sub- propagation model which utilizes one specular or coherent 
scriber unit antenna beam to be pointed such that service can 5 reflection to reach a shadowed subscriber. The disclosure of 

be delivered from any one of the surrounding cell-sites present invention does not rely upon repeaters to effect 

based upon maximizing carrier to noise or carrier to inter- communication to shadowed subscribers, but rather uses a 

ference plus noise cell-site network which effects the best signal possible to a 

It is a further feature of the present invention to project a & VGQ subscriber using cell-site diversity, 
coverage plan that has the flexibility to provide start-up 10 1116 concept of cell-site diversity permits shadowed sub- 
services based upon center-excited cells, omni directional scriber units to be serviced by the best choice of the 
cell-site transmitters and noise-limited channel utilization surrounding cell-sites based upon propagation efficiency, not 
and mature services based upon peripherally excited cells, geometric location. Turning to FIG. 2, two basic propagation 
directive antennas and interference-limited channel utiliza- models for consideration of the present disclosure are 
lion. Center-excited and comer-excited cellular geometries 1S shown. Case 1 is free space or line-of-sight reception, the 
could be considered special cases of this disclosure. basis for statistical analysis in the present disclosure. For a 

It is a further feature of the present invention to project a SP™ set of system implementation 'Parameters and for a 

coverage plan that can accommodate the requirement for &™ £ ^ old of ^er-to-noise ratio, (CNR), the hne-of- 

t t cc • a. u u i • sight. (LOS) range of a given cell-site transmitter is given as 

spectral efficiency through channel reuse within a given f n ii n wc 

coverage area by means of: 20 
directive antennas to confine the coverage areas for selected 
channels, 

frequency segmentation at each cell-site, W F r xkxT 9 xB c xL R xCNR 

polarization diversity, that is, vertically and horizontally 

transmitted carriers that can be selectively received and „ „„ „ . ... , . „ % 

, , , J 25 Where P f is the power delivered to the transmit antenna; 

detected, ana G f is the transmit antenna gain: G„ is the receive antenna 

power control at the subscriber to limit the potential for g £ n; fa the noisc figure of ^ ^ iycr k ^ Bo^^.. 

interference constant; T 0 is room temperature in Kelvin; B c is channel 
It is an advantage of the present invention to project a bandwidth; L R is the attenuation due to rain as a function of 
cellular-like coverage plan which is not bounded by geo- 3Q range; u ^ ^ raoge; ^d lambda is the free space wave- 
metric constraints as in conventional mobile cellular plans, kngth For sysicms , wneri the carrier-to-noise ratio is 
but, instead bounded by propagation constraints specific to on me order of 2 2 dB, the limit of acceptable line-of-sight 
each subscriber/cell-site transmission path. range ^ cached, jfo non-line-of-sight range, on the other 
It is further advantage of the present invention to feature hand> ^ the i me -of-sight range multiplied by a factor (p 2 ) 
the use of real time adaptive reception to mitigate outages which accounts for a reflection before the signal impinges 
caused by certain environmentally and atmospherically 35 upon me subscriber antenna. Accordingly, from straight 
induced fading phenomena. forward analysis, it can be seen that the non-line-of-sight 

range, p 2 xR LOS is a particular fraction of the line-of-sight 
range for the same 22 dB where acceptable reception levels 

FIG. 1 is a schematic view of a typical cell -site overlap of ^ are realized, 

the prior art, wherein a repeater is used to effect coverage to The range for Case 2 shown in FIG. 2, which assumes one 

a shadowed subscriber. specular reflection is obtained by multiplying the line-of- 

F1G. 2 shows line-of-sight, as well as one bounce specular si S ht raD S e R /.os *>y reflection coefficient p 2 of the 

reception specular reflector and dividing it by (1.1) . The 1.1 param- 

~~ " , . r • ii eter presumes the statistical pathlengths for the specular 

FIG. 3 is a schematic representation ot various cell-sites 4S n _ , „ f „ f „ ^ 

f . * h" i components are on the order ot one-tenth ot the tree space 

ot me present disclosure. transmission path length. The magnitude of the reflection 

FIG. 4A is an example of the use of cell-site diversity to coefficient will be a function of the properties of the reflect- 

maximize the signal to a shadowed subscriber. mg material, the thickness of the material and the condition 

FIG. 4B shows possible examples of the population of its surface, as well as the angle of incidents. For ease of 

density versus mean signal strength for various locations so calculation, the parameter associated with the reflection in 

about four cells shown in FIG. 4 A the propagation model is dealt with statistically as having a 

FIG. 5 is a corner-excited system of the present disclo- rnean with an associated distribution. If glass is the material 

sure . primarily responsible for specular reflections, one could 

FIG. 6A is a block diagram of an adaptive beam steering rationalize an estimate for a statistical mean as 0.25 with a 

receiver 55 s* 311 "^ deviation of 0.2 which accounts for vanation in the 

nn ^» . . . i i- r- , - angle of incidents. Metal surfaces would increase the mean 

FIG. 6B is a block diagram of an adaptive beam steering refleclion when mmpmd to glass; concrete or brick sur- 

and positioning receiver. faces wouWj mo&{ have mean reflections similar t0 or 

DETAIL DESCRIPTION OF THE INVENTION * ess lDan ^ at ^ ass - ^» ^ or example, glass is assumed to 

be the dominant reflection medium in a dense urban 
The disclosure of the present invention is based upon the 60 environment, the mean range for a single reflection case is 
assumption that the coverage plan must efficiently accom- 0.25 R LO s> which represents a significant reduction in range, 
modate service to non-line-of-sight subscribers without the However, if one assumes that cell-site diversity will improve 
use of repeaters as the mechanism by which to mitigate CNR 'statistics by about 3 dB, as explained later, the differ- 
shadows due to large high rise structures and 1 other atmo- ence between the Case 1 line-of-sight and Case 2 one- 
spheric influences. Assuming that the majority of potential 65 bounce models is on the order of 2:1 in range. Because the 
subscribers within an urban coverage area occupy non-line- area of a circle is proportioned the square of the radius, the 
of-sight residences, it is clear that a non-line-of-sight system acceptable signal level service area of the non-line of sight 
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model is reduced by a factor of four when compared to the 
line-of-sight model. The final result, in such a system, 
requires four times more cell-sites in the "one-bounce" 
non-lineof-sight scenario than is required in the line-of- 
sight scenario. This of course, means that four times as many 
subscribers are needed to support the added infrastructure. 
This is certainly an achievable Dumber in densely populated 
urban areas. Of course, an increase in the number of 
subscribers, through a decrease of in the service area of a 
cell-area necessitates co-channel and adjacent channel inter- 
ferences be mitigated by the use of frequency assignment 
planning, polarization and/or directive antennas at the cell- 
sites. 

The system disclosed herein is neither simply a center- 
excited plan nor a corner-excited plan. The structure of the 
present disclosure embraces the flexibility and co-existence 
of both by permitting a relatively simple noise limited, 
center-excited omni-directional coverage algorithm for 
start-up systems as well as an evolution to a mature, 
interference-limited directional coverage algorithm where 
cell-site antenna directivity may be required for channel set 
isolation from cell to cell. The coverage plan proposed in 
this disclosure is to be viewed as flexible, dynamic and 
macroscopically adaptive through the use of geometry and 
propagation statistics in the determination of the cell-site 
deployment. The system of the present disclosure accom- 
modates various levels of system maturity and capacity, 
making selective use of both center and peripherally excited 
cells; both omni-directional and directional cell -site anten- 
nas; and the co-existence of various cell sizes within a 
coverage area. ^ 

In deployment of the invention of the present disclosure, 
it may be necessary to apply adaptive receiver technology to 
maintain channel reliability for a millimeter wave distribu- 
tion system, particularly for data and information options. 
Millimeter wavelengths are susceptible to several environ- 
mentally and atmospherically induced forms of fading. To 
this end, rain is viewed as being one of the most severe 
forms of millimeter wave degradation, manifested in the 
form of signal attenuation due to absorption. For heavy 
precipitation, attenuation levels can be as high as 5 dB per 
mile. Rain can also be responsible for subtle forms of fading 
in the sense that the surface of any dominant specular 
reflector when wet can cause the reflected beam to distort or 
shift away from the centroid of the subscriber unit antenna 
pattern. While adaptive attenuation will not mitigate dete- 
rioration due to absorptive attenuation alone, it can help to 
mitigate some of the fading deterioration due to the effects 
of beam shifting and multi-path issues. Adaptive reception is 
to include both installer and subscriber to position and orient 
the antenna at the subscriber's site to effect the best signal- 
to-interference plus noise ratio. g 

Finally, fading can occur at the subscriber anjenna due to 
multiple reflections, which are impingent from different 
reflectors that are within the reception angle of the antenna. 
The use of very high gain subscriber antennas can selec- 
tively eliminate or substantially reduce this form of multi- 
path fading. If not, adaptive reception can be used to 
eliminate or substantially reduce multi-path fading. The 
details of adaptive reception are described herein below. 

In principle, the effect of fading at a subscriber's antenna, 
could be described as a shift in the specular reflected beam 
and/or a position shift of the local signal strength maximum 
or both. Microscopic propagation statistics at millimeter 
wave frequencies do not distinguish among the occurrence 
probabilities of the various forms of fading. Intuitively, it 
serves to reason that most of the fading occurrences are 
likely to be modeled as shifts in the beam centroid of the 
reflected signal. In some instances of multi-path fading, a 
position shift of the signal strength maximum is likely to be 
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manifested as well. In either case, it is possible to maintain 
the maxima of the signal strength through a special front -end 
antenna combiner, receiver and feedback loop interfaced 
mechanically with the antenna mount or electrically with a 

5 beam steering network to effect a repositioning of the 
antenna beam and its orientation. Such applications are 
within the realm of adaptive reception and are similar in 
nature to direction finding array radar sensors. 

In the first embodiment of the present disclosure, a 
one-way broadcast system is disclosed where the majority of 

10 the reused channels carry identical information. A typical 
broadcast layout for the one-way broadcast system is as 
shown in FIG. 3. Center-excited omni-directional cell-sites 
301 labeled A, B, C, D for purposes of discussion, are 
located at roughly twice the expected line-of-sight range of 

1S each transmitter. In principle, a one-way broadcast system 
would require one transmit site for a given service area if 
enough carrier power should be made available. However, 
current art in millimeter wave transmitters restricts the range 
of acceptable mean signal power to a few miles. 
Accordingly, a network of transmitters must be deployed to 

20 service a large area of subscribers requiring, therefore, the 
reuse of the broadcast channels throughout the coverage 
area. In the one-way system disclosed herein, reuse of a 
particular frequency segment is constrained by the interfer- 
ence distortion produced when a given subscriber unit is 

25 permitted by layout geometry to receive co-channel and/or 
adjacent channel carriers from cell-sites which have com- 
parable signal-strength levels. The measure of acceptable 
distortion is usually given in terms of carrier-to-interface 
(C/l) ratios at the subscriber's receiver. In a wireless distri- 

30 bution system, co -channel interference at a subscriber's 
antenna within a given cell-site coverage can be restricted by 
delineating the distances from serving and potentially inter- 
fering cell-sites. That is, the carrier to interference ratio is a 
function of the distance ratio raised to some power which is 

35 usually 2 or more. Usually, as stated previously, acceptable 
cell radii are distances where the 22 dB carrier/interference 
level is reached. Accordingly, by repeating a particular 
frequency at a distance which is great enough, the 
co-channel interference by frequency reuse is substantially 
avoided. 

40 Additionally, other techniques can be employed to limit 
co-channel channel interference. Segmentation of cell-site 
transmit antennas into directive antennas can be used to 
confine channels to specific coverage areas. Additionally, 
orthogonal polarization of co-channel transmission can be 

45 used to isolate signals from one another within the same 
coverage area. For the purposes of example, consider cell- 
site A(302) which transmits at frequency channel -set Fl 
using a vertically polarized antenna, designated F1V(303). 
Cell-site B(304) adjacent cell-site A(302) transmits fre- 

50 quency channel set F2 using a vertically polarized antenna 
designated F2V(305). Cell-site C(306) transmits frequency 
channel-set Fl using a horizontally polarized antenna des- 
ignated F1H(307), while cell-site D(308) transmits fre- 
quency channel-set F2 using a horizontally polarized 

55 antenna designated F2H(309) . Each specific channel within 
the frequency channel-set F2 is adjacent to two specific 
channels with a frequency channel-set Fl. Consequently, the 
system of FIG. 4 must accommodate signal strength con- 
straints relating to both co-channel interference and adjacent 
channel interference. Consider again for the purposes of 

60 example subscriber unit S(310) which is within the geo- 
graphical confines of Cell A, but is shadowed by the 
Building X(3il). While in the prior art, a repeater on the 
rooftop of Building X(311) would be used, the present 
invention relies upon statistical probability to determine a 

65 surrounding cell -site transmitter B, C or D which can 
provide subscriber S with an acceptable signal, for example 
22 dB as discussed above. Of course, such a system requires 
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a statistically verified propagation study to properly locate 
the cell-sites throughout the coverage area. Disclosure of the 
present invention relies upon the one-bounce model, pro- 
posed and described above, as a guideline in the layout of a 
millimeter wave distribution system. 5 

The one -bounce statistical propagation model of the 
present disclosure is also known as cell-site diversity. Turn- 
ing to FIG. 4A, a scenario is shown where significant 
portions of a given cell are shadowed by man-made struc- 
tures. By conventional techniques, the subscribers within the 10 
areas shadowed from the serving cell-site (for example SI, 
shown as 401) are serviced by use of one or more repeaters 
strategically located to deliver acceptable signals within the 
shadowed zone. Locating, installing and maintaining the 
number of repeaters necessary to cover a large and evolving 
urban center is cumbersome and unpredictable. 15 
Additionally, the impact of the required number of repeaters 
on co-channel and adjacent channel interference is delete- 
rious to, if not defeating of the purpose of the repeaters. The 
disclosure of the present invention allow the subscriber unit 
to be serviced by any one of the surrounding cell-sites. The 20 
choice of cell -site service, which is limited in the prior art to 
the propagation path geographically supported by a given 
cell-site, would be extended to multiple cell-sites. Imple- 
mentation of such a system improves the carrier to noise 
ratio by as much as 3 or 4 dB. 25 

Turning to FIG. 4B, four graphical representations are 
shown. The graphs are population density versus mean 
signal strength. Population density is the fraction of occur- 
rences that have a particular value of signal strength at a 
given radius. Grapt&I shows the signal distribution for 30 
cell-site A(l); graph Tl for cell-site B; graph III for cell-site 
C; and graph IV for cell-site D. The signals received are 
uncorrected normal signal power distributions from the four 
cell-sites each at distances which intersect the shadowed 
area to be served shown in FIG. 4A as SI. Because the 
one-bounce signal strength statistics are highly likely to be 
uncorrected due to the variation in incidence angles at the 
reflecting surfaces from each of the surrounding cell-sites, 
the opportunity to choose the best of the four cell-site 
candidates provides the expected carrier-to-noise ratio 
improvement. In the particular scenario shown graphically 40 
in FIG. 4B, the installer would clearly choose to receive 
service at SI from cell-site B which offers the highest signal 
strength. Another way to view the diversity of choosing the 
best of any of the surrounding cell-sites is that it statistically 
increases the radius or R NLO s of each cell-site. Statistical 45 
analysis shows that implementation of a system, for example 
as is shown in FIG. 4A, increases the radius up to 50%, 
which is effectively the same as increasing the cell size. 
Thereby, a reduction in required infrastructure is realized. 

To accomplish tlge diversity of cell-site choices, the sub- 50 
scriber unit mus| be able to detect channels of both fre- 
quency sets Fl and F2 in the scenario shown in FIGS. 4A 
and 4B. In addition to the selective frequency reception, the 
antenna of the cell-sites must be able to isolate the reception 
of vertically and horizontally polarized signals, selectively. 55 
Practical antenna isolations that have been realized in cel- 
lular distribution systems using polarization are on the order 
of 20 dB to 25 dB. If the adjacent channels are spaced too 
closely in frequency, or if the isolation achievable with 
antenna polarization is not great enough, then it is also 
necessary to use directivity of the antennas at the cell-sites. 60 
Again, such additions to the infrastructure may be required 
as the more mature environmental settings are realized. 

In addition to the system disclosed above, a second 
embodiment of the present invention utilizes a two-way 
coverage plan, illustrated in FIG. 5. In the system of the 65 
second embodiment, directive cell-site antennas are used to 
provide coverage selectively to a confined segment of a 



cellular grid. The choice of the specific cellular coverage 
plan is usually made on the basis of spectral efficiency or, 
how many times a given channel-set can be reused within a 
given service area. The location of cell^site channel sets is 
determined by the estimated signal strength level of both 
co-channel and adjacent channel interference intercepted at 
both the subscriber and cell-site antennas. For two-way 
millimeter wave distribution systems, the effective isotropic 
power radiated per unit bandwidth for both cell-sites and 
subscribers is approximately equal. The fact that very high 
gain antennas are used for subscriber receivers is significant 
because such antennas minimize the level of millimeter 
wave power that must be generated and thus the cost of the 
subscriber unit. The deployment of cell -sites is therefore tied 
to the range that the combination of subscriber unit transmit 
power levels and antenna gains are able to support, and 
conventionally on the order of several miles. Additionally, 
on the other hand, some subscribers will be close enough to 
the serving cell-sites to permit control of the transmit power 
levels to limit the interference in other cell-site coverage 
areas. Such a variation of transmit power levels could also 
be accomplished in an adaptive manner based upon the 
power level received from the serving cell-site. 

As stated above, the reuse of a particular frequency 
segment is constrained by the interference distortions pro- 
duced when a given subscriber unit is allowed by layout 
geometry to receive co-channel or adjacent channel carriers 
from two or more cell-sites which have similar signal 
strength levels. The carrier to interference ratio at the 
subscriber unit, as mentioned above, is the ratio of 
co-channel cell-site to serving cell-site distances raised to 
the power of 2, using the model $sclosed in RG. 2 for 
one-bounce modeling. Such a scenario would suggest that 
the ratio of distances would have to be in the order of 12:1 
to achieve the required C/I of 22 dB. Such a system would 
not be practical- The system shown in the '160 reference to 
Bossard, shows that the ratio can be made much more 
practical using the very high directionality of the subscriber 
unit antennas to help mitigate the transmission from 
co-channel cell-sites. However, such a system would work 
only if the serving and interfering signals are at substantially 
different angles of arrival. The use of directive antennas at 
cell-sites to reduce the probability of unacceptable 
co-channel interference is a valid assumption. From the 
arguments made in the first embodiment, frequency 
segmentation, polarization diversity, cell-site diversity, 
directive gain at the subscriber and directive gain at the 
cell-sites may be necessary to service a densely configured 
millimeter wave distribution system, particularly in the 
two-way scenario of the second embodiment of the present 
disclosure. The illustration shown in FIG. 5 is an example of 
how all the many features could be implemented. The grid 
array for cell -sites shown in FIG. ^envisions corner-excited 
cells at frequencies denoted in IjJG. 5 as 1, 2, 3 and 4, with 
the requisite polarization diversity, and directivity as dis- 
closed hereinabove. 

In summary, certain types of fading can be mitigated by 
adaptive reception using radar-like sensing functions that 
continually update the subscriber antenna beam pointing 
direction to maintain its focus on the maximum signal 
strength from a variety of cell-sites as is discussed in 
combination with FIGS. 4A and 4B. Such systems as are 
shown in FIGS. 6 A and 6B are two of many approaches that 
can be used to optimize signal strength reception on a 
continual basis, reducing manual input at the subscriber site 
either by the subscriber or by the installer. Fades due to 
multi-path reflection may require* a virtual position adjust- 
ment in addition to beam pointing adjustment in the sub- 
scriber antenna. In this case, the effective antenna aperture 
may be moved by roughly one-quarter wavelength or 
approximately 0.1 at the 28 GHz carrier frequency. This is 
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done by implementing two or more overlay patch array 
apertures spaced in the order of one-quarter wavelength 
apart on a printed circuit board. The output port of each 
antenna would then be switched into the receiver, as nec- 
essary to maintain an acceptable signal strength. 

The invention having been described in detail, it is clear 
that various modifications of the disclosure of the present 
invention are within the perview of one of ordinary skill in 
the art. To the extent that such modifications to reduce the 
dependents upon geographical location of a particular 
subscriber, in order to optimize the signal received by the 
methods described herein, are within the perview of the 
artist and of ordinary skill having had the benefit of the 
present disclosure, such are deemed within the scope of the 
present invention. 

I claim: 

1. A local point distribution service capable of mitigating 
the effects of environmental and atmospheric fading, char- 
acterized by a plurality of cell-sites having cell-site 
transmitters, comprising: 

a first cell -site having a cell-site transmitter for transmit- 
ting a signal of a first frequency, said first cell-site with 
a first radius having a carrier-to-interference ratio at 
said first radius of a preselected level which substan- 
tially avoids co-channel interference due to frequency 
reuse, 

a second cell-site adjacent to said first cell-site, said 
second cell-site having a cell-site transmitter for trans- 
mitting a signal of a second frequency, said second 
^ cell-site with a second radius having a carrier-to- 
interference ratio at said second radius of a preselected 
level which substantially avoids co-channel interfer- 
ence due to frequency reuse, and 

a subscriber receiver optionally tuned to receive a signal 
from one of said first or second cell-site transmitters 
having the highest signal-to-interference plus noise 
ratio at said subscriber receiver; 

wherein said plurality of cell-sites are positioned at sta- 
tistically optimal locations using reflection-based mod- 
els. 

2. A local multi-point distribution service, as recited in 
claim 1, wherein a third cell-site is located adjacent said 
second cell-site, said third site having a cell-site transmitter 
for transmitting a signal of a third frequency, said third 
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first cell-site, said fourth cell-site having a cell site trans- 
mitter for transmitting a signal of a fourth frequency, said 
fourth cell-site having a fourth radius with a carrier to 
interference plus noise ratio at said fourth radius of a 
preselected level that substantially avoids co-channel inter- 
ference due to frequency reuse; and a fifth cell located 
adjacent said first cell, said fifth cell having cell-site a 
transmitter for transmitting a signal of a fifth frequency, said 
fifth cell having a fifth radius with a carrier to noise 
interference ratio at said fifth radius of a preselected level 
that substantially avoids co-channel interference due to 
frequency reuse and said subscriber receiver is optionally 
tuned to receive a signal from a one of said first, second, 
third, fourth or fifth cell-sites having a highest signal to 
interference plus noise ratio. 

6. A local multi-point distribution system as recited in 
claim 5, wherein said first, second, third, fourth, and fifth 
frequencies are different. 

7. A local-multi-point distribution service as recited in 
claim 2 wherein power control at a subscriber site is used to 
reduce interference. 

8. A local multi-point distribution system as recited in 
claim 7, said subscriber transmitter transmitting a subscriber 
signal, a power level of said subscriber signal being adjusted 
for a minimum power level for said subscriber signal to be 
adequately received by a cell site receiver to which said 
subscriber receiver is tuned. 

9. A local multi -point distribution system as recited in 
claim 2, wherein said first, second, and third frequencies are 
different. 

10. A local multi-point distribution system as recited in 
claim 2, wherein said first and third frequencies are sub- 
stantially the same. 

11. A local multi -point distribution service as recited in 
claim 1, wherein said transmitters are omni-directional. 

12. A local multi -point distribution service as recited in 
claim 1, wherein said subscriber receiver adapted to receive 
signals further comprises a front-end antenna combiner, 
receiver and feedback loop interfaced mechanically with an 
antenna mount to effect repositioning of an antenna. 

13. A local multi -point distribution service as recited in 
40 claim 1, wherein said subscriber receiver adapted to receive 

signals further comprises a front-end antenna combiner, 
receiver and feedback loop interfaced electrically with a 
beam steering network to effect repositioning of an antenna. 

14. A local multi -point distribution system as recited in 
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cell-site having a third radius with a carrier-to-interference 45 claim 1, wherein said carrier-to interference ratio is approxi- 



plus noise ratio of a preselected level which avoids 
co-channel interference due to frequency reuse and said 
subscriber receiver is optionally tuned to receive a signal 
from a one of said first, second, or third cell-sites having a 
^ highest signal to interference phis noise ratio. 

3. A local-multi-point distribution service as recited in 
claim 2, wherein said cell-site transmitters comprise direc- 
tive antennas. 

4. A local-multi-point distribution service as recited in 
claim 2 using polarization diversity of said signals. 

5. A local-multi-point distribution service as recited in 
claim 2 wherein a fourth cell -site is located adjacent said 
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mately 22 dB. 

15. A local multi-point distribution system as recited in 
claim 1, wherein said first and second frequencies are 
different. 

16. A loca^ multi-point distribution system as recited in 
claim 1, wherein said first and second frequencies are 
substantially the same. 

17. A local multi -point distribution system as recited in 
claim 1, wherein one or more of said first, second, third, 
fourth, and fifth frequencies are substantially the same. 
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